Rumex japonicus HOUTT. (Polygonaceae) is a perennial plant widely distributed in Korea. The roots of this plant have been used as a Chinese drug (Rumecis Radix) for the treatment of heat phlegm, jaundice, constipation, scabies, and uterine hemorrhage. 1) R. japonicus has been to possess various biological and pharmacological activities including antioxidation, 2) cytotoxicity, 3) and antimicrobial. 4, 5) Although previous phytochemical investigations of the roots and leaves of R. japonicus have resulted in the isolation of several flavonoids, 6) anthraquinone derivatives, 3, 7) and naphthalene derivatives, 3, 4, 6, 8) no phytochemical studies have been carried out to date on the stems of this plant. In the present paper we report the isolation and structure elucidation of two new 24-norursane type triterpenoids (1, 2) and the known compounds myrianthic acid (3), 9) tormentic acid, 9) and emodin 7) from an EtOAc-soluble fraction of the stems of R. japonicus. Fractionation of an EtOAc-soluble extract of the stems of Rumex japonicus led to the isolation of two new 24-norursane type triterpenoids, 2a a,3a a,19a a-trihydroxy-24-norurs-4(23),12-dien-28-oic acid (1) and 4(R),23-epoxy-2a a,3a a,19a a-trihydroxy-24-norurs-12-en-28-oic acid (2), along with the known compounds myrianthic acid (3), tormentic acid, and emodin. The structures of 1 and 2 were elucidated by spectroscopic methods, particularly by extensive 1D and 2D NMR studies.
Key words 24-norursane type triterpenoid; triterpenoid; Rumex japonicus; Polygonaceae .0 Hz, 1H) assignable to H-16a, which is caused downfield shift by the anisotropic effect due to a 19a-hydroxyl group, suggested that compound 1 is an urs-12-ene derivative possessing an a-hydroxyl group at C-19.
10) The
13
C-NMR spectrum of 1 (Table 1 ) also showed the presence of an olefinic group at d 128.6 and 140.7 (C-12, C-13), an exocyclic methylene group at d 109.9 and 153.7 (C-23, C-4), a carboxylic group at d 181.2 (C-28), and three hydroxylated carbons at d 69.9, 73.1, and 77.0 (C-2, C-19, C-3). All the positions of the substitutions were deduced using the COSY and HMBC NMR techniques (Fig. 2) . The positions were also supported by the EI-MS spectrum of 1 (see Experimental) which showed fragment ions at m/z 264, 246 (264ϪH 2 O), and 201 (246ϪCOOH) usually resulting from the typical retro-Diels-Alder cleavage of urs-12-enes that possess a C-17 carboxyl group and a hydroxyl group on ring D or E.
10) The 2a,3a-configurations of the two secondary hydroxyl groups of 1 were in agreement with the similarity of the observed coupling constant (Jϭ2.4 Hz) between the H2b and H-3b proton and those for myrianthic acid (3, Jϭ2.7 Hz), 9) which was also isolated during the present investigation. Moreover, the chemical shifts of the C-1-C-5, C-10, C-23, and C-25 carbons of 1 were identical to those reported for 2a,3a-dihydroxy-24-nor-4(23),12-oleanadien-28-oic acid, 11) a triterpenoid previously isolated from Salvia carduacea. This suggestion was strongly supported by the NOESY NMR spectral data of 1 (Fig. 3) which showed strong NOE correlations of H-2 to H-3 and H-25. Therefore, the structure of this new compound 1 was elucidated as 2a,3a,19a-trihydroxy-24-norurs-4(23),12-dien-28-oic acid. Only a few 24-nor-ursane triterpenoids with an exocyclic methylene at C-4 have previously been isolated from natural sources since floridic acid was reported from Uncaria florida. 10, 12, 13) To the best of our knowledge, compound 1 is the first example of a 24-norurs-4(23),12-diene derivative isolated from a Rumex species.
Compound 2 was obtained as a white powder and produced a molecular ion [M] ϩ at m/z 511. C-23, C-4) , respectively. In the HMQC spectrum of 2, the protons due to H 2 -23 were correlated to the same methylene carbon resonating at d 49.6 (C-23). The fact both the C-4 and C-23 signals were shifted from the olefinic resonating region as in compound 1 to the oxygen-bearing region suggested that the additional oxygen atom had formed an epoxide (additional ring) at C-4 and C-23. On the basis of the above results and by the assistance of the (Fig. 4) , it was established that 2 is an epoxide of 1. The relative stereochemistry of 2 was further determined on the basis of the results of a NOESY experiment (Fig. 5) . The coupling constant (Jϭ3.0 Hz) between H-2 and H-3 and a NOE correlation between H-2 and H-25 indicated the 2a,3a-configurations of the two secondary hydroxyl groups of 2.
11) The stereochemistry of C-4 was determined to be R since the NOESY NMR spectral data of 2 (Fig. 5) showed a strong NOE correlation between H-23 and H-25. Thus, the new compound 2 was elucidated as 4(R),23-epoxy-2a,3a,19a-trihydroxy-24-norurs-12-en-28-oic acid (2) . To the best of our knowledge, compound 2 is the first example of a 4,23-epoxy-24-norursane derivative isolated from a natural source.
The known compounds were identified as myrianthic acid (3), 9) tormentic acid, 9) and emodin 7) by physical and spectroscopic data ([a] D , mp, 
Experimental
General Experimental Procedures Melting points were measured on an IA9100 melting point apparatus (Barnstead International, U.S.A.) and were quoted uncorrected. Optical rotations were obtained using a P-1020 digital polarimeter (Jasco, Japan) at 25°C. IR spectra were recorded using a FTS 165 FT-IR spectrophotometer (Bio-Rad, CA, U.S.A.), respectively. LREI and HR-ESI-MS were recorded on an Autospec (Micromass, U.K.) and Mariner mass spectrometer (Perspective Biosystem, U.S.A.), respectively. NMR experiments were conducted on a DRX-300 or DRX-600 FT-NMR (Bruker, Germany), and the chemical shifts were referenced to the residual solvent signals. TLC analysis was performed on Kieselgel 60 F 254 (Merck) plates (silica gel, 0.25 mm layer thickness); compounds were visualized by dipping plates into 10% (v/v) H 2 SO 4 reagent (Aldrich) and then heat treated at 110°C for 5-10 min. Silica gel (Merck 60A, 70-230 or 230-400 mesh ASTM), Sephadex LH-20 (Amersham Pharmacia Biotech), and reversed-phase silica gel (YMC Co., ODS-A 12 nm S-150 mm) were used for column chromatography. All solvents used for the chromatographic separations were distilled before use.
Plant Extraction and Isolation The fresh and cut plant material (7.7 kg) was extracted with 80% EtOH (3ϫ20 l) by maceration. The extracts were combined and concentrated in vacuo at 40°C. The concentrated extract (185 g) was suspended in H 2 O (1.5 l) and then partitioned with n-hexane (3ϫ1.5 l) to afford an n-hexane-soluble fraction (7.6 g) on drying. Next, the aqueous partition was partitioned again with EtOAc (3ϫ1.5 l) to give an EtOAc-soluble fraction (24.0 g) and an aqueous residue. The EtOAc-soluble fraction (21.0 g) was chromatographed over silica gel (6. 32 g] was subjected to silica gel column chromatography (4.6ϫ24 cm, 230-400 mesh; n-hexane-EtOAc-MeOH gradient from 6 : 4 : 1 to 2 : 2 : 1 v/v) followed by reversed-phase column chromatography (3.6ϫ32 cm, 12 nm S-150 mm; MeOH-H 2 Oϭ4 : 1) to give myrianthic acid (3, 91 mg 
